In the United States, foreign nationals who fear persecution in their home country can apply for asylum under the Refugee Act of 1980. Over the past decade, legal scholarship has uncovered signicant disparities in asylum adjudication by judge, by region of the United States in which the application is led, and by the applicant's nationality. These disparities raise concerns about whether applicants are receiving equal treatment under the law. Using machine learning to predict judges' decisions, we document another concern that may violate our notions of justice: we are able to predict the nal outcome of a case with 80% accuracy at the time the case opens using only information on the identity of the judge handling the case and the applicant's nationality. Moreover, there is signicant variation in the degree of predictability of judges at the time the case is assigned to a judge. We show that highly predictable judges tend to hold fewer hearing sessions before making their decision, which raises the possibility that early predictability is due to judges deciding based on snap or predetermined judgments rather than taking into account the specics of each case. Early prediction of a case with 80% accuracy could assist asylum seekers in their applications.
INTRODUCTION
In the United States, foreign nationals who "demonstrate that they were persecuted or fear persecution due to race, religion, nationality, political opinion, or membership in a particular social group" [7] can apply for asylum under the Refugee Act of 1980, in compliance with international law, specically the United Nations Protocol relating to the Status of Refugees of 1968 [13] . Asylum ocers, immigration judges, members of the Board of Immigration Appeals, and judges of U.S. courts of appeals render approximately 79,000 asylum decisions each year [13] .
Over the past decade, legal scholarship has uncovered signicant disparities in asylum adjudication by judge, by the US region in which the application was led, and by the nationality of the applicant [12] . These dierences are fundamentally at odds with the principle that all cases should receive equal treatment before the law. Similar cases should have similar outcomes in order to be fair. Perhaps even more importantly, such consistency is desirable because it demonstrates that the adjudications determining the asylum seeker's future do not depend on the personal opinions and prejudices of the individual judges to which the case happens to be assigned. To investigate the degree of consistency in court decisions related to similar asylum cases [12] demonstrated that there is dramatic variation [8] in decision-making among dierent oces, regions, and ocials, stating that "the variation is particularly striking when one controls for both the nationality and current area of residence of applicants, and examines the asylum grant rates of the dierent asylum ocers who work in the same regional building, or immigration judges who sit in adjacent courtrooms of the same immigration court" [13] (p.302).
A number of factors could be causing the dramatic dierences in grant rates between judges. These include judge 'burnout', the theory that "the overwhelming caseloads and long hours worked without overtime...can potentially aect the outcome for applicants whose fates rest in judges' hands" [10] . [11] have suggested that immigration judges' work environments produce implicit bias that can drive their decision-making. For further related work, see [3] which explores the eects of NFL football games and weather on immigration decisions, and [4] which predicts decisions focusing on all the information available to the statistician at the time the case closes. Anecdotal evidence also suggests that there are simply a few 'bad apples' -a subset of immigration judges whose decisions are deemed to be unfair toward the applicant [9] . This paper makes a conceptual distinction between inter-judge disparities in predictions and inter-judge disparities in prediction accuracy. A prediction refers to the model's estimation of whether a judge will grant or deny an asylum application, while prediction accuracy is the correlation between the model's predictions of judges' decisions and the actual results. Previously documented inter-judge disparities in predictions are inconsistent with equal predictions of the outcomes of cases before an applicant comes to court based solely on her case facts. Inter-judge disparities in prediction accuracy raises a dierent question. If case outcomes could be completely predicted after a particular judge is assigned, but prior to judicial inquiry into the case, this would indicate that judges did not take into account any non-coded dierences between cases. To be sure, there may be cases for which the country and specic date of application should completely determine outcomes, for example in the case of a large-scale violent conict in a particular country. However, signicant inter-judge disparities in predictability suggest that this understanding of the country circumstances does not apply to all judges.
This current study focuses on predicting whether asylum is granted or denied based on the common features of a given asylum case: nationality, language, notice to appear (NTA), base city, hearing location, case type, attorney, and judge. The goal is to provide better information to asylum seekers regarding the strength of their application at the point when they are scheduled to appear before an immigration judge. The asylum seeker may believe that her case rests primarily on the specics of her story and may not be aware of the extent of the importance of external factors, such as the judge to whom her case is assigned. Therefore, we developed a predictive model to help applicants understand how these external factors might aect their application.
Our model allows an asylum applicant to predict the nal outcome of her application with 80% accuracy. The model uses all features of the application available at the time the applicant receives an NTA. Our model also allows us to evaluate the relative impact of specic features. Echoing the ndings reviewed above, the features that have the strongest impact on an application'snal outcome are the adjudicating judge and the nationality of the applicant. In addition, although cases are randomly assigned to the judges [12] , this study shows that a certain percentage of the judges are highly predictable, and almost always either grant or reject asylum applications regardless of the specics of the case at hand. This suggests that personal predilections can be a major factor in judges' decisions.
We also make a conceptual distinction between predictability and early predictability. We compare early predictability (using only information available at the time the case opens) with predictability (using all the information available in our data at the time the case closes). This comparison raises questions about judges' use of snap judgments, heuristics, and predetermined judgments when deciding cases [1] . Stereotypes have been found to inuence impression formation in courtrooms and tend to be more pronounced under conditions that generally foster heuristic processing, such as time pressure and distraction (for a review, see [2] ), factors that have been raised in regards to the asylum courts.
DATA AND METHODOLOGY
In the course of sorting the data to build our model, we found several statistics worthy of note. Table %65 of the cases are in NY, CA, and FL. And the grant rate in each state is %51, %32, and %23, respectively.Also, table 1 demonstrates that there is substantial variation in average grant rates when citizens of dierent countries apply for refugee status in the United States.
The model is built using data from the Executive Oce for Immigration Review (EOIR), which issues NTAs. A pre-processed version of the same data was used in [5] , which explores the gambler's fallacy in immigration decisions. The current article, however, focuses on predicting the outcomes of asylum applications at the time the case opens using machine learning techniques. This approach addresses both the behavioral question of the role of snap judgments [1] and the policy question of how best to advise applicants when they receive an NTA. The raw data include multiple records for a given case. 
Data Engineering
Our objective was to build a model that could predict whether an applicant would be granted asylum at the time he was notied about his initial hearing time, location, and judge assignment. In order to avoid data leakage, we rst constructed a data dictionary dening each feature and indicating whether it would be available at the time this initial notication. We based our data dictionary on information from [12] , as well as conversations with practicing immigration attorneys. The nal dataset includes: application decision (target as a binary variable), language (spoken by the applicant), nationality (of the applicant), base city (asylum seeker is assigned to one of several regional immigration courts), attorney (whether the asylum seeker was represented by an attorney), date of the NTA, hearing location (e.g. regional courthouse, detention center), case type (armative and defensive) 1 judge features (unique identiers for individual judges in addition to general features about the judge, such as gender and work history). 2 1 Armative applications are made by the asylum seeker voluntarily, within one year of arriving in the United States, and are not triggered by a removal order from the U.S. government [6] . A defensive application is one in which the asylum seeker has requested asylum to prevent their removal from the United States. The case for a defensive application is presented in front of an immigration judge in adversarial proceedings and is subject to cross-examination by a government attorney [13] . The U.S. government does not provide a defense attorney; at her own expense, or with the support of a non-prot advocacy group, the applicant can request that her case be presented by an attorney [13] . 2 [12] also uncovered a number of signicant predictors of grant rates, including the gender and employment history of the immigration judge, as well as signicant regional dierences in grant patterns between asylum courts.
RESULTS
Based on our discussions with practicing lawyers, we suspected that the identity of the presiding judge would be a signicant factor in determining whether an applicant's application would be granted or denied. To test this belief, and to understand how an applicant's characteristics (nationality and language) and case information (case type and application type) impacted the random forest model, we incrementally added features by training the model on each set of features and then testing its performance on a hold-out test set.
We rst trained the model on the smallest reasonable feature space, and then added features and trained the model on each set of data as the feature space became more complex. This approach revealed how attributes of the applicant and judge aected the accuracy of the model.
Incremental Evaluation of Feature Space
Our dataset includes 602,500 records, of which 35% of the cases were granted asylum. With 80/20 splitting, we have 482,000 rows in the training set and 120,500 in the test set, and the percentage of applications that were granted is 35% for each. For all the models shown in Table 2 , we used a grid search of the random forest algorithm with {128, 256, 512, 1024} trees and sevenfold cross validation over the training set. This table reports the area under the receiver operating characteristic curve (AUC). The receiver operating characteristic curve (ROC) plots the true positive rate of a classier against the false positive rate. A naive classier would generate an AUC of 0.5 and a perfect classier would generate an AUC of 1.0. (Part 1) Judge ID -To test whether the presiding judge was a signicant factor in predicting the outcome of an asylum application, our baseline model used a single feature, the judge ID. With this single feature, the trained random forest model was able to predict whether someone would be granted or denied asylum with a mean accuracy score of 71%.
(Part 2) Judge ID and Nationality: Adding the applicant's nationality results in a major jump of 5% in accuracy, and an even more signicant jump in the ROC AUC score.
(Part 3) Judge ID and NTA: When we replace nationality with NTA date and train the model, we see a minor improvement in the prediction accuracy of 2%, which is less eective than Part 2.
(Part 4) Judge ID, Nationality, and NTA: Comparison with Part 2 and Part 3 suggests that variation over time appears to have little additional impact on the outcome of asylum decisions. In other words, the asylum decision patterns regarding nationality did not signicantly change over the 20-year period. This is rather striking, since we have limited ourselves to only the most basic information about the applicant. One interpretation of this nding is that a large component of the nal decision regarding the asylum application is already set prior to the judge's review of the application. Additional review of the case by the judge may have less impact than may be desired on the application's outcome. This brings us to the full model.
Full Model: For our nal model, we included all the features noted in Section 2.1 that is. The nal item, "Judge Features" (such as gender, law school, bar, and active president), was obtained from another dataset; merging the two trimmed the size of the dataset by about 20%, keeping the overall statistics the same. The full model yields a mean accuracy score of over 80% on the hold-out test dataset.
Various other combinations: For the sake of comparison here we note several features and the corresponding results: NTA %65; Nationality and Language %70; NTA, Nationality and Language % 72; hearing ID %67; hearing ID and NTA %70.
Discussion
Using only the unique identier of the presiding judge, we are able to predict with 71% accuracy whether an applicant will be granted or denied asylum in the United States. We can see from Figure 1 that when we train the random forest model on the complete feature space, nationality is still a primary driver of whether or not an individual applicant will be granted asylum. This is demonstrated by the fact that the average grant rate varies substantially even though there is little variation in the predictive accuracy. This calls into question how much of the individual application's facts or litigation strategy is materially relevant to its nal outcome. Table 1 .
Including all the features available on the date the case opens, the predictive accuracy is 80%. Additional variation in predictive accuracy appears across judges, even holding xed their grant rate per nationality, as seen in Figure 2 . This gure shows that some judges are fairly conservative, granting asylum to less than half of applicants, and as their grant rate falls, prediction accuracy increases. Some of this may be mechanical: in the extreme, a judge who never (or always) grants asylum will be very predictable. Some of the variation in the y-axis dimension can shed light on whether some judges vary in their attention to applicants from certain nationalities. Alternatively, applicants from certain nationalities may be very homogeneous, but homogeneity in unobserved applicant characteristics is unlikely to explain the variation in predictability across judges since cases are randomly assigned.
CONCLUSION
While [12] noted regional dierences in asylum grant patterns and identied several judge-level variables correlated with asylum grant rates, they did not explicitly aim to build predictive models based on these features. Thus, we sought to extend their work by building a predictive model. Our goal was to develop a model that could predict whether an applicant would be granted asylum, using only information available at the time an applicant receives an NTA. In the process, we also aimed to interpret what early predictability might mean.
University and pro-bono asylum law clinics have limited resources and a large number of prospective clients. A predictive model could potentially assist these organizations by allowing them to estimate the probability that an applicant will receive asylum prior to any case assistance. This could also allow them to suggest interventions that improve the odds of success.
Individual judges could also use the model as a feedback tool to gain insight into their past granting patterns. A judge could thus enter basic information about the case and her own ID, and receive a probabilistic prediction of her decision on the application, based on past behavior.
To increase the utility of the predictive model, an additional area of work would be to develop another (simplied) model to determine which asylum court oers an asylum seeker the highest estimated probability of being granted asylum. Given the anticipated use of our model (to estimate an applicant's probability of success when they receive an NTA), it would be benecial to develop supporting models that highlight the potential margins that the applicant could exploit to increase his or her chances of success in court. Moving to the catchment area for a dierent asylum court represents one of few such margins (beyond seeking legal representation). A supporting model could indicate the anticipated eect of such a move.
This paper raises the concern that judges might not be incorporating sucient case information when deciding asylum applications, which raises a separate question from the signicant inter-judge disparities documented by prior work. We have also found that judges who are highly predictable tend to hold fewer hearings, on average, before rendering their decision, which may indicate that highly predictable judges are employing snap or predetermined judgments. It also suggests that less predictable judges are not simply ipping a coin, because they are holding more hearing sessions.
The early predictability we document at the time the case opens relative to when it closes might be due to the court database not recording information that is relevant to explaining the nal decision, which could suggest that court databases should be recording additional information. Yet this possibility does not diminish the relevance of our inter-judge ndings, because we nd judges who hold more hearing sessions to be less predictable, suggesting that the hearing session data has some informational content.
